Background {#Sec1}
==========

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that is characterised by upper and lower motor neuron loss. It leads to atrophy and weakness of voluntary muscles, bulbar symptoms like dysarthria and dysphagia and, consequently, to complete paralysis and death after an average of three to five years due to respiratory failure \[[@CR1], [@CR2]\]. Its incidence in Germany is estimated at 3.1/100,000, its prevalence at 8/100,000 \[[@CR3]\]. The peak age of onset is from 58 to 63 years \[[@CR4]\]; and while there is a small proportion of familial ALS cases, the majority (90%) is sporadic \[[@CR5]\]. At present, ALS has no known cure; approved drugs only result in a short delay in disease progression \[[@CR6], [@CR7]\]. The disease typically worsens over a short period of time and causes severe impairments in the lives of patients and their families. In addition to neuroprotective medication, attempts of pharmacological and supportive alleviation of symptoms and complications are the only other therapeutic option \[[@CR8], [@CR9]\]. Regarding these symptomatic measures, for example respiratory support (non-invasive ventilation) and implementation of specialised multidisciplinary ALS clinics have been proven to prolong patient's life span and, on the other hand, improve their individual quality of life \[[@CR10], [@CR11]\]. The increased need for multidisciplinary medical care and management from professionals and relatives leads to considerable social and economic costs \[[@CR12]--[@CR15]\].

Current cost evaluations of larger ALS patient cohorts in Germany are still missing. Therefore, this study aimed to give an estimate of these costs from a societal perspective and to relate them to the patients' health-related quality of life (HRQoL). These data may contribute to the development of improvements in the patient's care and quality of life as well as to the acceleration of approval of novel future therapies.

Methods {#Sec2}
=======

Patient recruitment {#Sec3}
-------------------

Data collection for this explorative cross-sectional study took place between July 2018 and February 2019. Adult patients diagnosed with clinically possible, probable (incl. laboratory supported) and definite ALS, following the revised El Escorial criteria \[[@CR16]\], were enrolled into this monocentric study if they had been treated during the past two years at Hannover Medical School (MHH), Department of Neurology. Patients with other motor neuron diseases were also enrolled but not analysed within this paper. Ethical approval for this study was obtained from the institutional ethics board of MHH.

Data collection {#Sec4}
---------------

After having given written consent, patients together with their main caregiving relatives answered a standardised questionnaire by hand. The questionnaire was self-designed as described before \[[@CR17], [@CR18]\] and pretested in patients with another severe motor neuron disease (spinal muscular atrophy). Besides patients' demographics and their disease course, the questionnaire recorded individual disease severity by the impairment displayed in daily activities and the details on the current care and medical treatments as the basis of cost estimation. The revised Amyotrophic Lateral Sclerosis Functional Rating Scale (ALSFRS-R), a self-reported outcome that consists of four subdomains, was used to assess disease severity. The ALSFRS-R indicates the level of impairment of distinct motor functions (bulbar, fine and gross motor and respiratory function; maximum 48 points which means no impairment and minimum 0 points which means total dependence \[[@CR19]\]).

For further analysis, the patients were subdivided into five groups according to the King's clinical staging system for ALS \[[@CR20]\], which was derived from the ALSFRS-R score as suggested before \[[@CR21]\]. This system categorises the progressive clinical involvement of anatomical regions throughout the course of the disease. Of the five King's stages, each one is associated with the number of regions involved and classified as follows: stage 1 one functional region involved; stage 2 two regions; stage 3 three regions; stage 4A corresponds to nutritional failure (gastrostomy); stage 4B to respiratory failure and the indication of assisted ventilation; stage 5 corresponds to death. Health-related quality of life (HRQoL) and health status were measured by the EuroQol Group EQ-5D-5L™ in the five dimensions Mobility, Self-Care, Usual Activities, Pain/Discomfort and Anxiety/Depression \[[@CR22]\]. These dimensions are rated in five levels from no problems (= level 1) to extreme problems (= level 5). The scores are weighted based on preference of discrete combinations of health states (e.g. 11111 or 11112 and so on). Health states were translated into an EQ-5D-5L™ index value by use of the German value set as recommended (1 = best state, 0 = worst state, further referred to as index value) \[[@CR23]\]. Additionally, the patient's self-rated health on a visual analogue scale (VAS; 100 = the best imaginable health and 0 = worst imaginable health) was recorded (further referred to as EQ-VAS score).

Cost estimation {#Sec5}
---------------

The total cost of illness (COI) can be subdivided in different cost categories, namely direct and indirect costs. Direct costs require direct payments from patients, insurances or third parties. They can be differentiated into direct medical (e.g. drugs, supportive medical devices, doctors' consultations, hospital treatments, surgery, rehabilitations, further therapies like physio-, ergo- and speech therapy and formal care) and non-medical costs (e.g. travel expenses, investments in constructional alterations, legal fees and informal care -- which means care provided by non-professional caregivers, in the majority family members). We used a micro-costing method to assess costs from a societal perspective \[[@CR24]\].

The utilisation of medical and non-medical resources was assessed retrospectively within different recall periods in order to reduce recall bias. The current status was assessed for supportive devices and formal care (for partial and complete inpatient care three or twelve months, respectively). According drugs, the individual utilisation within the past week was reported, for informal care within the past two weeks and within the past month for further therapies and psychological support. Outpatient physician and hospital consultations were assessed with respect to the past three months, while hospitalisations and sleep laboratory were assessed for the past six months, vaccination and rehabilitation for the past twelve months. Moreover, we surveyed the individual utilisation of surgery, legal support, constructional alterations and travel expenses corresponding to the reason for travelling ever since disease manifestation. The utilisation of direct medical and non-medical resources (see Additional file [1](#MOESM1){ref-type="media"}) was valued monetarily by unit prices based on the latest health economic recommendations for Germany \[[@CR25]--[@CR27]\]. Moreover, patients were asked about their current classification into a care level according to the German health care system (and acquired services). Here, higher levels indicate a greater loss of autonomy and a need for more individual support (care level 1 = low impairment of individual autonomy, care level 5 = most severe impairment of individual autonomy with special demands for nursing care) \[[@CR28]\]. For the calculation of informal care costs, we replaced the time of care provided by informal caregivers by the statutory minimum wage for the caring sector in Germany and thus estimated the costs that would have risen if the care had been provided by professional caregivers instead \[[@CR25]\].

In contrast, indirect costs result from absent times from work and invalidity of the affected person (and probably his caring relative) and represent the loss of productivity. Accordingly, we used the human capital approach and calculated monetary losses due to reduction of working time, absent days and early retirement based on patient reported salary levels \[[@CR27]\]. For a more detailed methodology of cost estimation see Additional file [2](#MOESM2){ref-type="media"}.

All costs were extrapolated to one year while we assumed a stable status over this time period. Costs were shown in Euros (€) for the year 2018 (enquiry period).

Statistical analysis {#Sec6}
--------------------

Statistical analysis was completed using IBM SPSS 25®. Demographic data was determined using frequency tables, and normal Gaussian distribution was tested using Kolmogorov-Smirnov-test. Average differences between subgroups were tested using students T-test and correlation was tested using Spearman rank correlation coefficient. Because of the explorative character of this study, we did not adjust for multiple testing. All statistical results have to be understood as hypothesis generating and not as confirmatory. Regression analysis was done by analysing possible influencing factors in a simple linear regression model. If a variable turned out to be significant (two-sided *p*-value of \< 0.05) we entered it into the final multiple linear regression models.

Results {#Sec7}
=======

Patient characterisation {#Sec8}
------------------------

156 patients were included in the analysis (response rate 37.6%: 187/497; the majority of patients were from Northern Germany, Lower Saxony 66.7%). The patients' age range was from 27 to 86 with the median being 65 years (Table [1](#Tab1){ref-type="table"}). 60.3% were male which is in line with findings that ALS is more common in men \[[@CR29]\]. The median disease duration from symptom onset was two years. Patients showed a different distribution of ALS phenotypes. 35.3% reported a bulbar onset whereas 34% reported a lower limb onset which approximates previous reports \[[@CR3]\]. The median ALSFRS-R score was 30, ranging from 1 to 48. 110 patients were classified into care levels (75.3%) where the majority of patients had a moderate to most severe loss of autonomy (care levels 3--5) and were impaired in daily activities (95.5%) or even needed the permanent attendance of another (care-giving) person 24 hours (h) a day (39.1%). Most patients (85.7%) were married or lived with a partner who was the primary caregiver (86%, see Additional file [1](#MOESM1){ref-type="media"}). 17.3% had private health insurance, which is slightly more than the general proportion within the German population \[[@CR30]\]. At the time-point of the survey, only 13.8% of patients were still working in contrast to 47.1% of caregivers (Table [1](#Tab1){ref-type="table"}). Table 1DemographicsPercent or median (IQR)Absolute number of patientsAge, y65 (17)Sex, female39.762BMI24.03 (5.12)Type of health insurance (*n* = 150), statutory82.7124Symptom onset, y62 (17.8)Disease duration from symptom onset, y2 (3)Inherited ALS3.86ALSFRS-R score (max. 48)30 (16)King's staging 112.820 226.341 328.244 4A10.316 4B22.435Level of care (*n* = 146) none24.736 12.13 211.617 328.141 417.125 516.424 Self-rated impairment in daily activities95.5149 Permanent attendance of a caregiver necessary39.161Main caregiver (*n* = 136) Partner86117 Children7.410 Others6.69Employment situation of the main caregiver (*n* = 119) Working caregiver47.156 Main caregiver stopped working because of patient's ALS56 Change of weekly working time because of patient's ALS14.317 Job change because of patient's ALS2.53Drop in salary because of patient's ALS10.112Housing situation (*n* = 152) Family87.5133 Alone10.516 Assisted living/foster home23Employment (*n* = 145) Employment no longer possible26.238 Working13.820 Retired, unemployed, homemaker6087Reasons for unemployability (*n* = 34) Retired because of ALS61.821 Unable to work5.92 Unknown32.411 EQ-VAS score (max. 100)40 (35) EQ-5D-5L™ index value (max. 1)0.585 (0.623)This table shows the most important patient characteristics, their disease stage (King's staging), and the impairment in their autonomy and working lives. The professional activity assessment of patients and of their main caregivers served as basis for the calculation of indirect costs*Abbreviations*: *IQR* interquartile range, *y* years, *BMI* body mass index, *n* number, *ALS* amyotrophic lateral sclerosis, *ALSFRS-R* Revised Amyotrophic Lateral Sclerosis Functional Rating Scale, *EQ-VAS score* Self-rated health on the visual analogue scale of EuroQol Group EQ-5D-5L^TM^ instrument. health on a visual analogue scale (0--100)

Utilisation of medical resources {#Sec9}
--------------------------------

The assessment of the use of medical (and non-medical) resources served as calculation basis for direct medical and non-medical costs (Fig. [1](#Fig1){ref-type="fig"}). It reflected the present patients' care and their access according to current standards. The detailed data is shown in Additional file [1](#MOESM1){ref-type="media"}. Fig. 1Utilisation of medical resources. Figure 1 shows the proportion of the use of different medical resources. Further details are shown in Additional file [1](#MOESM1){ref-type="media"}

Nearly all patients (96.2%) were treated with further therapies. The most common was physiotherapy (82.7%, mean visits per year, 88), speech therapy (62.2%, mean visits per year, 48) and ergotherapy (59.6%, mean visits per year, 45). 84.6% had consulted an outpatient physician during the last three months (mean visits per year: 13) with the most commonly frequented one being a neurologist (67.3%). 80% made use of supportive devices. On average, every patient used seven different devices, most commonly mobility devices such as wheelchairs and walking frames (67.9%). Inpatient rehabilitation (23.1%) and psychological support (5.8%) were used less frequently. There was a strong contrast between the frequency of use of formal (41.0%) and informal (81.4%) care. Daily, the patients needed 1.4 h of formal care when compared to 7.6 h of informal care. The most common form of formal care was domestic aid (31.4%) (Fig. [1](#Fig1){ref-type="fig"}).

Cost of illness (COI) {#Sec10}
---------------------

The average COI was estimated to be 78,256€ per patient yearly (Table [2](#Tab2){ref-type="table"}). Direct medical costs constituted 35.9%, direct non-medical costs 49.1% and indirect costs 15% of total COI. The main cost driving factors were informal care (46.2%), indirect costs (15%) and formal care (11.4%). Total COI increased with every clinical severity stage (Fig. [2](#Fig2){ref-type="fig"}). There was a significant positive correlation between King's staging and total costs (r~s~ = 0.482, *p* \< 0.001), direct medical costs (r~s~ = 0.361, p \< 0.001) and direct non-medical costs (r~s~ = 0.450, p \< 0.001). However, there was no significant correlation between King's staging and indirect costs (r~s~ = 0.102, *p* = 0.205). Table 2Cost of illness (COI)Mean annual costs in € (95% CI)Ratio of total COI (percent)**Direct medical costs28,087 (20,911-35,263)35.9**Formal care8888 (2601-15,174)11.4Further therapies7629 (6610-8649)9.7Hospitalisation4568 (2991-6145)5.8Supportive devices2785 (2032-3538)3.6Drugs2190 (1971 − 2409)2.8Inpatient rehabilitation885 (607--1162)1.1Outpatient physician consultations612 (515--710)0.8Surgery189 (114--263)0.2Outpatient hospital consultations180 (140--220)0.2Psychological support161 (29--293)0.2**Direct non-medical costs38,412 (31,695-45,130)49.1**Informal care36,152 (29,621-42,683)46.2Constructional alterations1871 (1123-2618)2.4Travel expenses353 (270--436)0.5Legal support9 (1--18)0.0Other costs27 (24--31)0.0**Indirect costs11,757 (8232-15,282)15.0Total COI78,256 (66,583-89,929)100.0**Incurred costs per ALS patient and year in the different cost categories from a societal perspective. Other costs consisted of e.g. ALS-related fitness centre membership and others. Due to rounding, percentages do not add up exactly*Abbreviations*: *€* Euro, *CI* confidence intervalFig. 2Annual cost of illness (COI) according to King's staging. Standard errors presented refer to the total annual costs. Significant positive correlations between King's staging and total costs (r~s~ = 0.482, *p* \< 0.001, *n* = 156), between King's staging and direct medical costs (r~s~ = 0.361, p \< 0.001, n = 156) and between King's staging and direct non-medical costs (r~s~ = 0.450, p \< 0.001, n = 156). No significant correlations were found between King's staging and indirect costs (r~s~ = 0.102, *p* = 0.205, n = 156). Abbreviations: € = Euro. \* = *p* \< 0.05

Influencing factors on total annual COI are shown in Table [3](#Tab3){ref-type="table"}. Total costs increased with the decline of each point of the ALSFRS-R by 2333€ (95% CI \[1082€, 3584€\], *p* \< 0.001). The highest increase of costs was seen in cases where patients required invasive ventilation. In this patient group, costs were substantially higher compared to patients who did not have invasive ventilation (plus 47,803€, 95% CI \[5112€, 90,493€\], *p* = 0.029). If patients required the permanent attendance of a caregiver, costs rose by 22,178€ (95% CI \[2684€, 41,671€\], *p* = 0.026) and if they were wheelchair dependent, costs increased by 14,081€ (95% CI \[1388€, 26,774€\], *p* = 0.030). Table 3Influencing factors on total COIVariableChange in total costs, €95% CI*p*-valueALSFRS-R score (max. 48)-2333−3584 to −10820.000Permanent attendance of a caregiver necessary22,1782684 to 41,6710.026Invasive ventilation47,8035112 to 90,4930.029Wheelchair use14,0811388 to 26,7740.030Underweight14,378−9564 to 38,3200.237Classified into a care level− 6491−27,461 to 14,4790.541Feeding tube use7617−17,849 to 33,0840.555Currently working− 6150−28,304 to 16,0050.584n127This multiple linear regression model showed significant influence of the ALSFRS-R score, wheelchair use, invasive ventilation, and the necessity of permanent attendance of another caregiver on total costs. The model was adjusted for statistical outliers*Abbreviations*: *COI* cost of illness, *€* Euro, *CI* confidence interval, *ALSFRS-R* Revised Amyotrophic Lateral Sclerosis Functional Rating Scale, *n* number

Roche et al. described a mean disease duration of 42.3 months until death and standardised time periods from disease onset to every clinical King's stage \[[@CR20]\]. Respectively, patients reach King's stage 2 after 17.7 months, stage 3 after 23.3 months, stage 4A after 27.7 months and stage 4B after 30.3 months. By multiplying the average time expected to be in one stage with the average costs estimated for that stage and adding the results for all stages, the lifetime costs of a patient suffering from ALS from symptom onset to death were estimated at a total of 246,184€. Moreover, the prevalence-based total costs in Germany can be added up to 519,776,352€ per year (prevalence of ALS 8/100,000 \[[@CR3]\] in a population of 83,019,200 in 2018 \[[@CR31]\]).

### Health-related quality of life (HRQoL) {#Sec11}

HRQoL was measured by EQ-5D-5L™. The median EQ-VAS score, which reflects the self-rated current health on a visual analogue scale from 0 to 100, was 40. The EQ-5D-5L™ index value, which is derived from five dimensions of HRQoL (Mobility, Self-Care, Usual Activities, Pain/Discomfort, Anxiety/Depression), showed a median value of 0.59 (Table [1](#Tab1){ref-type="table"}). HRQoL was inversely correlated to disease progression. There was a significant negative correlation between King's staging and EQ-VAS score (r~s~ = − 0.490, *p* \< 0.0005, *n* = 141, Fig. [3](#Fig3){ref-type="fig"}a) and King's staging and index value (r~s~ = − 0.477, p \< 0.0005, n = 141, Fig. [3](#Fig3){ref-type="fig"}b). Patients already stated impairments in all five domains in King's stage 1, but only to a lower degree (mainly no or some to moderate problems). In more advanced disease stages, severe to extreme problems or even losing the ability in the domains Mobility, Self-Care and Usual Activities overwhelmingly dominated, accentuated between King's stage 2 to stages 3, 4A and 4B. The dimensions Pain/Discomfort and Anxiety/Depression were only impaired to a low to moderate extent even in stage 4B (Fig. [4](#Fig4){ref-type="fig"}). Fig. 3Health-related quality of life (HRQoL) according to King's staging. Mean scores are presented with standard errors. **a** shows mean EQ-VAS scores, **b** shows mean EQ-5D-5L™ index values. Significant negative correlation between King's staging and EQ-VAS score (r~s~ = − 0.490, p \< 0.001, *n* = 141) as well as EQ-5D-5L™ index values (r~s~ = − 0.477, p \< 0.001, n = 141). Abbreviations: EQ-VAS score = Self-rated health on the visual analogue scale of EuroQol Group EQ-5D-5L^TM^ instrument. health on a visual analogue scale (0--100). \* = p \< 0.05Fig. 4Impairments in the five domains of EQ-5D-5L™ according to King's staging. Impairments in the five dimensions increased with disease severity, the domains Mobility, Self-Care and Usual Activities were impaired to a higher degree and remained in focus within the disease course

Table [4](#Tab4){ref-type="table"} shows the influencing factors on the HRQoL (EQ-VAS score and index value). Patients, who stated to have general impairment in daily activities, self-rated their HRQoL to be 24.7 points lower on a visual analogue scale than patients who did not feel impaired (95% CI \[− 41.7; − 7.7\], *p* = 0.005) and showed a decrease of 0.15 points of the index value (95% CI \[− 0.28; − 0.02\], *p* = 0.023). Decreases of 14 points in the EQ-VAS score (95% CI \[− 22.3; − 5.6\], *p* = 0.001) and 0.13 in the index value (95% CI \[− 0.22; − 0.04\], p = 0.005) were observed, if a patient was classified into a care level. Moreover, wheelchair dependency (− 8.8 points in the EQ-VAS score (95% CI \[− 16; − 4\], *p* = 0.030) and − 0.17 in the index value (95% CI \[− 0.22; − 0.12\]. *p* \< 0.0005)) and also the need of permanent attendance of a caregiver (− 8.3 in the EQ-VAS score (95% \[CI -16.1; − 0.5\], *p* = 0.037) and − 0.25 in the index value (95% CI \[− 0.33; − 0.16\], p \< 0.0005)) showed to be main influencers of HRQoL. Additionally, age showed to be an influencing factor on EQ-VAS score (− 0.3, 95% CI \[− 0.6; 0\], *p* = 0.034; Table [4](#Tab4){ref-type="table"}). Table 4Influencing factors on HRQoL**A Influencing factors on EQ-VAS score**VariableChange in EQ-VAS score95% CI*p*-valueClassified into a care level−14−22.3 to −5.60.001Impaired in daily activities−24.7−41.7 to −7.70.005Wheelchair use−8.8−16 to −40.030Age−0.3−0.6 to 00.034Permanent attendance of a caregiver necessary−8.3−16.1 to −0.50.037n131**B Influencing factors on EQ-5D-5L™ index value**VariableChange in EQ-index score95% CI*p*-valuePermanent attendance of a caregiver necessary−0.25−0.33 to −0.160.000Wheelchair use−0.17−0.22 to −0.120.000Classified into a care level−0.13−0.22 to −0.040.005Impaired in daily activities− 0.15−0.28 to −0.020.023Invasive ventilation−0.13−0.28 to 0.030.103Currently working−0.02−0.12 to 0.080.692n122This multiple linear regression model showed significant influence by mainly of loss of autonomy (classification into a care level, impairment in daily activities, wheelchair use and need of permanent attendance of a caregiver) on HRQoL. The model was adjusted for statistical outliers*Abbreviations*: *HRQoL* health related quality of life, *€* Euro, *EQ-VAS score* Self-rated health on the visual analogue scale of EuroQol Group EQ-5D-5L^TM^ instrument. health on a visual analogue scale (0--100), *CI* confidence interval, *n* number

Discussion {#Sec12}
==========

In this study, we analysed the COI of ALS in Germany related to the already well established and disease-specific King's staging system. As far as we know, our study investigated the greatest patient cohort in Germany by now and presents an estimate for the COI of ALS, which is based on current health-economic recommendations. Our estimates give an assessment basis for further cost effectiveness studies and payer negotiations. As far as we know, cost effectiveness studies are rare in the field of ALS as it is a rare disease and treatments are limited up to date \[[@CR32]--[@CR35]\]. Nevertheless, the necessity of these studies is currently increasing due to the investigation of different new treatment approaches \[[@CR36]--[@CR38]\]. However, the conduction of cost analyses in ALS is difficult, since the health insurance companies in Germany are not transparent about their expenses \[[@CR25]\]. Real-life expenditures of the German health system would provide a fruitful comparison; however, these are not accessible to the greater public. Our estimates for mean annual costs varied from 30,086€ (King's stage 1) to 125,871€ (King's stage 4B). This demonstrates a high socioeconomic burden even in early stages of the disease. The mean annual total COI per patient was 78,256€, which is 17-times higher than average costs per capita in Germany (4544€) \[[@CR39]\]. The highest cost components were informal care costs (46.2%) and direct medical costs (35.9%, formal care 11.4% of total COI), while indirect costs constituted 15% of total COI. Patients' family members are the main contributors to informal care in Germany \[[@CR40], [@CR41]\]. In our cohort, in 94.1% of the cases the main caring person was a family member. This plays a significant role not only in terms of the psychological burden but also from a socioeconomic perspective. Caregivers of patients with chronic diseases are reported to have poorer mental and physical health compared to non-caregivers \[[@CR42]\]. This may result in even higher ALS-related costs caused by an additional need for treatment and loss of productivity on the caregivers' side.

Compared to previous studies in neuromuscular disorders (NMD), we estimated higher informal care costs (46.2% vs. 27% in Duchenne muscular dystrophy (DMD), 20% in Becker muscular dystrophy (BMD), 29% in spinal muscular atrophy (SMA) and 33.6% in Charcot-Marie-Tooth neuropathies (CMT)) \[[@CR17], [@CR18], [@CR43]\]. Among different NMD, associated costs of ALS were the highest regarding both, informal care costs and total COI, which also corresponds to similar studies in the past \[[@CR12], [@CR13], [@CR15]\]. In contrast, indirect costs were much higher in DMD, BMD, SMA and CMT. While in our cohort direct medical and non-medical costs were correlated to increase in clinical severity, indirect costs did not. A possible explanation for these differences may involve our cohort's demographics: as the median age was 65 and 60% were already retired at the time of the survey for non-disease related reasons, productivity loss because of ALS was low and independent from clinical severity throughout our cohort. Our study did not consider indirect costs due to premature mortality. However, these costs may probably be negligible due to the late disease onset and as the majority of patients was already retired.

We showed that COI was higher and HRQoL was lower in more advanced disease stages. The influencing factors with the highest impact on COI were the ALSFRS-R score and invasive ventilation. On the other hand, HRQoL was significantly influenced by individual impairment in daily activities and classification into a care level. Common influencing factors on both, COI and HRQoL, were wheelchair dependency and the need of presence of an additional caregiver 24 h per day. This shows that progressive loss of autonomy and increasing functional impairment throughout disease progression is the main cause of cost increase while additionally determining a reduced self-rated quality of life.

Our analysis of HRQoL showed a difference between EQ-VAS score and index value; patients reported their health state on the EQ-VAS score to be worse than what the index value showed (Median of 40/100 versus 0.59/1). Those results, however, are not surprising as the EQ-VAS score is known to be also influenced by factors such as perceived control, education, ethnicity, smoking and age \[[@CR44]\], while the latter proved to be an influencing factor on EQ-VAS in our linear regression model as well.

ALS patients experience major impairments in their everyday lives and need a lot of support to maintain at least a residual independence. This is underlined by our patient cohort, in which 80% needed supportive devices, on average seven different devices per patient. In contrast, supportive devices only constituted 3.6% of total COI. While this figure may seem low, a study from the United States, which had access to "true costs" from insurance companies, confirmed this result \[[@CR12]\]. Concerning the supply of supportive devices, we made the following substantial observations: 20.2% of patients who stated to have impairment of their mobility according to the EQ-5D-5L™ did not use any mobility device. Moreover, 28.9% who were impaired in self-care did not use special devices and 75.6% who were impaired in daily activities, also did not use support in this regard. While depression is known to occur in 22.8% of patients with ALS \[[@CR45]\], only 5.8% made use of psychological support. Interestingly, of 52 patients who stated a need for improvement in disease related support, 15 (28.8%) wished for support in the application for supportive medical devices and 12 (23%) for better and easier accessible psychological support. Similarly, regarding the ALSFRS-R results, of 88 patients who experienced dyspnoea, 52 (59.1%) did not use any breathing assistance. These findings strongly suggest a supply gap in these areas and maybe especially in the medical supply with more costly devices like ventilators (and the associated care that is needed with them). Better access to support and, perhaps, even costlier devices to maintain a higher grade of autonomy would raise the ratio of costs for supportive devices. Nevertheless, a supply in agreement with standards of care is necessary and not only increases the individual quality of life but also may lower other cost factors like informal care costs or indirect costs.

Our estimate of a total annual COI of 78,256€ in Germany is higher than previously assumed by Schepelmann et al. in 2010 (36,380€) \[[@CR15]\]. Compared to previous studies in other countries, e.g. Spain (36,194€) \[[@CR13]\], US (63,693\$) \[[@CR12]\] and Korea (90,000\$) \[[@CR14]\], our estimates are on the higher side of estimated costs. However, direct comparisons must be done with caution due to respective healthcare systems and different approaches in cost estimation. Regardless, previous studies also described disease severity, need for a caregiver, wheelchair dependency and invasive ventilation as main cost influencing factors \[[@CR12], [@CR15]\], which further validates our model.

Compared to other NMD such as Myasthenia gravis (14,950€) \[[@CR15]\], CMT (17,427€) \[[@CR43]\], facioscapulohumeral muscular dystrophy (26,240€) \[[@CR15]\] and BMD (39,060€) \[[@CR17]\] total COI of ALS is notably higher, similar to those of DMD (78,913€) \[[@CR17]\] and SMA (70,566€) \[[@CR18]\]. Due to a higher prevalence of ALS, the Germany-wide annual cost was 519,776,352€ which is more than three times higher than the estimates for DMD and nearly five times higher than the estimates for SMA.

To estimate informal care costs, we used a replacement cost approach, which is known to result in overestimation due to informal care being considered less efficient than formal \[[@CR24]\]. On the other hand, the associated psychological and physical burden of the caregivers who provided informal care was not reflected and may result in substantial underestimation of costs. Since our questionnaire was rather detailed with more than 120 questions, a selection bias towards more motivated patients might be likely. Moreover, patients were asked to answer questions regarding use of medical resources up to one year in the past, which probably led to recall bias, and further reduced total COI. Another limitation of our study is the monocentric design and coverage mainly of Northern Germany. A multicentre Germany-wide study that employs a greater patient cohort would be desirable to achieve an even more representative result. Thus, further studies of disease burden of ALS that also consider the burden of the caregivers are necessary.

Conclusion {#Sec13}
==========

The results of our descriptive study confirm previous publications and show that costs in ALS increase with disease severity, are much higher than in other NMD and are mainly influenced by patients' individual autonomy status. Loss of autonomy and disease progression also significantly reduce the self-rated quality of life. Our study underlines that ALS ranks among the most costly neurological diseases and therefore, even though it is a rare disease, contributes to a high socioeconomic burden. Search for novel therapies therefore may not only contribute to a better prognosis and quality of life of patients but also might lower societal costs if the disease progression could be stopped in early disease stages. Nevertheless, further cost analyses and cost effectiveness studies in ALS are mandatory.

Our data further highlight the urgent need of a direct and straightforward access to recommended therapies and supportive devices as well as psychological support for all patients. Formal care should be improved to reduce patient and caregiver burden and thus informal care costs and indirect costs.
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**Additional file 1.** Further details on the utilisation of medical resources. **Additional file 2.** Detailed description of cost estimation methodology.

ALS

:   Amyotrophic lateral sclerosis

ALSFRS-R

:   Revised Amyotrophic Laterals Sclerosis Functional Rating Scale

BMD

:   Becker muscular dystrophy

CI

:   Confidence interval

CMT

:   Charcot-Marie-Tooth disease

COI

:   Cost of illness

DMD

:   Duchenne muscular dystrophy

EQ-VAS

:   Self-rated health on the visual analogue scale of EuroQol Group EQ-5D-5L^TM^ instrument

HRQoL

:   Health-related quality of life

MHH

:   Hannover Medical School

NMD

:   Neuromuscular disorders

SMA

:   Spinal muscular atrophy
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